The amount of oil production in the world is decreasing recently and it is of importance to seek the technological development for enhanced oil recovery (EOR) in place in the subsurface. Seismic stimulation is known as one of the methods of EOR. Recently, many laboratory experiments and field tests have been performed such as water, gas, chemical, or thermal injections to attempt the enhancement of oil production. Numerous observations show that seismic stimulation of oil reservoir may alter water and oil production. But the detailed mechanism of seismic stimulation is not fully understood. We attempt to understand the mechanism of the flux change in viscous laminar flow under oscillating boundary condition to simulate seismic EOR. We focus on flux change by the oscillated boundary wall because of partial high pressure gradient and flow velocity difference. In this study, we analyze a single-phase flow in various pore shapes and scales with two dimensional (2D) Lattice Boltzmann method (LBM). The results show pore scales and shapes are largely related with the flux change, because of the reduction of pressure loss and the flow velocity difference between the wall and flow.
Introduction
The amount of oil production in the world is decreasing recently and it is of importance to seek the technological development for enhancing the recovery of oil in place in the subsurface：Enhanced oil recovery(EOR). EOR can be achieved by several methods: water injection, gas injection, chemical injection, and thermal injection. Seismic stimulation is known as one of the methods of EOR. Many observations show that seismic stimulation of oil reservoir may alter water and oil production, because of altering the apparent viscosity coefficient, or contributing to the coalescence or dispersion of oil droplets ¹ ⁾ . Clamen To use seismic EOR efficiently, we need to understand the mechanisms of macroscopic phenomenon generated by seismic stimulation: flux increment, pore-water pressure increment and relative permeability improvement. In this study, we attempt to demonstrate the flux change in viscous laminar flow under oscillating boundary condition for the simulation of interstitial flow. Here, we analyze a single-phase flow in various pore scales and shapes with 2D LBM scheme to discuss the possibility of flux change by pore shapes and scales.
Method
In this study, we analyze 2D incompressible flow. In incompressible viscous flow, the governing equation is Navier-Stokes equation (2a) and Mass equation (2b),
(2b) where ρ is the fluid density, u is the fluid velocity, and p is the fluid pressure.
CFD has some methods like FDM, FEM and particle methods. In this study, we use Lattice Boltzmann method (LBM). We use 2-dimensional 9-velocity (2d9v) model to simulate 2-dimensional incompressible viscous flow(figure.1) The square lattice LBGK model is expressed as:
where second term of the right side is collision term. ݂ , is the equilibrium distribution function, ߬ is the relaxation coefficient which controls the rate of approach to equilibrium. The density per node, ρ and the macroscopic flow velocity, u =(Ux,Uy), are defined in the terms of the particle distribution function by
The equilibrium distribution functions ݂ , depend only on local density and velocity and they cau be chosen in the following form.
߬ is relaxation coefficient, and this is defined in the terms of kinematic viscosity coefficient, time step, and divider width.
We assume the solid is rigid. Considering the relative velocity between solid and liquid, we calculate the velocity of wall is zero. On the other hand, we add the internal force by oscillating boundary condition. In our simulation, we adopt the boundary conditions of Zou and He(1997). In this simulation, we simulate two different oscillation: span wise and stream wise ( Figure. 3).
Model

Result and Discussion
In this study, we discuss two characteristics: amplitude and frequency. In frequency characteristic, a vertical axis is flux ratio: this is the proportion of the flux under oscillating bounrary to that under not oscillating, and a horizontal axis is frequency (Hz). In amplitude characteristics, a vertical axis is also flux ratio, and a horizontal axis is amplitude(m). Second, we discuss the possibility of flux change in smooth curve model. In model ②, this figure shows that oscillating wall in horizontal direction may cause the flux increment. Especially, the oscillation of high frequency may cause the flux increment.
Third, we discuss the possibility of flux change in sudden expansion and rapid shrinkage model. In Finally, we discuss the flux change in small scale model. In model ③ small model, this figure shows that the oscillation in small pore throat cause smaller flux increment than that in large.
(3)The assumption of flux change We assume three reasons to change the flux: First, by large streamwise oscillation, large velocity difference between the wall and the flow central is generated. In low Reynolds flow, the horizontal wall oscillations propagate in fluid instantly. But if the delay of propagation is generated, the flow resistance is higher than not generated. So, the central velocity of flow under oscillating boundary is lower than under not oscillating.
Second, by large spanwise oscillation, partial pressure gradient is generated. 
Conclusion and future work
In this study, we discuss the possibility of flux change by pore scales or shapes under oscillating boundary condition with LBM.
In consequence, the zigzagging models, especially sudden expansion and rapid shrinkage model, generate larger flux change than parallel panel model.
For next stage, we try to evaluate following three points. First, we attempt to consider two-phase flow. In two-phase flow, the oscillating boundary conditions generate the reduction of interfacial tension, improvement of relative permeability and the coalescence or dispersion of oil droplets. The consideration of the combination of fluid and solid to simulate flux change under P wave is also important due to volume change by P wave. Finally, we attempt to simulate realistic pore throat model like Gaussian Random Field model. 
